Imaging Features
The appearance of OGMs on CT and MR imaging is similar to meningiomas situated elsewhere. Computerized tomography scanning is particularly useful for defining the osseous anatomy, including areas of hyperostosis or erosion that may assist in the diagnosis or planning of a surgical approach to these lesions. Meningiomas typically appear slightly hyperdense relative to the brain parenchyma on noncontrast CT scans and enhance homogeneously and brightly after administration of contrast. Paranasal sinus extension through the floor of the anterior cranial fossa is well demonstrated on CT scans, particularly on coronal views. Both MR imaging and MR angiography will define the relationship of the tumor to the optic nerves and chiasm as well as the ACAs and communicating complex. Catheter angiography is generally not required. Meningiomas commonly appear isointense to gray matter on T 1 -weighted sequences and iso-or hyperintense on T 2 -weighted sequences. Dense enhancement after administration of Gd is also seen.
Management Options
Many OGMs are quite large on initial presentation, and in these cases surgery may be the only option. Continued observation, however, may play a role in asymptomatic patients who are very elderly, unable to withstand surgery, or who harbor small incidental tumors.
Surgical Approach
The most common surgical approaches are variants of either the standard pterional 8, 9, 18, 20 or subfrontal 2,4,7 exposures, although some authors have advocated an interhemispheric approach. 13 When considering any approach, the following maneuvers must be possible: early interruption of the blood supply to the tumor; nontraumatic separation of the frontal lobes from the tumor; dissection of the ACAs, optic nerves, and chiasm; and excellent visualization of the anterior cranial fossa floor to permit tumor resection and repair of defects. 13 The advantages of the pterional and subfrontal approaches are summarized in Table 3 . The subfrontal approach may incorporate a unior bifrontal craniotomy and orbital osteotomies. We will describe our surgical approach to these tumors; this approach may be used to treat most OGMs larger than 3 cm.
The patient is placed supine on the operating table with the head fixated in pins. A bicoronial skin incision is fashioned that extends from zygomatic arch to zygomatic arch. It is critical to dissect in the immediate subgaleal plane when elevating the scalp flap so as to preserve as thick and as well vascularized a pericranial flap as possible. The posterior aspect of the scalp flap is undermined to maximize the length of the pericranial flap. The pericranial flap is then elevated separately from the scalp. The supraorbital neurovascular bundles are freed from their foramen.
Although a unilateral craniotomy is adequate for smaller tumors, bilateral access is desirable for larger tumors and a bilateral frontal craniotomy is performed. Burr holes are placed bilaterally at the key hole as well as on both sides of the superior sagittal sinus at the posterior limit of the craniotomy. The keyhole burr holes should also enter the orbit so as to allow for easy access when performing the orbital osteotomies. Following elevation of the bifrontal craniotomy, the frontal sinus is demucosalized and cranialized. A bilateral orbital osteotomy is then performed making cuts at the frontozygomatic and frontonasal sutures. The crista galli is identified and removed. A subperiosteal orbital dissection is performed and the anterior and posterior ethmoidal arteries are coagulated and divided (Fig. 1 right) . 14 The dura is opened linearly along the frontal poles, and the sagittal sinus is ligated and divided along with the falx just above the crista galli. Division of the superior sagittal sinus at this very anterior point is of no consequence.
With the division of the ethmoidal arteries, the majority of the blood supply to the tumor has been interrupted. Small meningeal feeding arteries that are still present can be divided as the dissection proceeds along the floor of the anterior cranial fossa, thus further devascularizing the tumor. The tumor can then be centrally debulked using an ultrasonic aspirator and the tumor capsule dissected. Even in large tumors, the posterior arachnoidal membranes typically remain intact and there is usually a reasonable plane between the tumor, the optic nerve and chiasm, and the ACAs (Video). There may be small feeding vessels from the ACoA complex and from the A 2 segments of the ACAs. Although these small feeding vessels can be sacrificed, it is critical to follow them carefully to ensure they are not perforating vessels. Preservation of these perforators, which supply the optic nerve and chiasm and hypothalamus, is vital. If dissection of the tumor off of these perforators is difficult, it is better to leave a small amount of tumor behind rather than create an infarct due to operative injury.
After tumor resection, the dura of the floor of the anterior cranial fossa should be resected with any hyperostotic bone. 1 Tumor extending into the ethmoid sinuses, nasal cavity, and orbits is removed. Ethmoidal sinus extension was observed in six (46%) of 13 patients in our series. The dura is repaired in a watertight fashion by using free pericranial tissue, fascia lata, or an allograft substitute. The pericranial flap, which is excellently vascularized, is an ideal material for the repair of the anterior cranial base. This is brought down over the floor of the anterior cranial fossa and sutured posteriorly to holes drilled in the planum sphenoidale. The orbital osteotomy and bone flap are plated back in position, careful not to compress the pericranial flap.
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RESULTS
The results of OGM resection were quite good. There were high rates of complete resection and improvement in signs and symptoms, and few reported complications. Table 4 lists the results obtained in our 13 patients and those reported on in five recent series. The patients in our series underwent surgery during a 10-year period (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) . Two patients underwent emergency surgery when progressive neurological deficits and visual deterioration were observed.
DISCUSSION
The large size of many of these tumors makes resection challenging. Nearly 50% of the tumors in our series were larger than 6 cm in diameter, whereas greater than 60% of the tumors in the series by Turazzi, et al., 20 were larger than 6 cm in diameter. Despite this large size, all nonrecurrent tumors in our series were completely resected (Fig. 2) . 17, 19, 20 This is partly due to the fact that the arachnoid membrane separating these lesions from nearly all the vital neurovascular structures is left intact, even when treating very large tumors, thus facilitating dissection.
Treatment of patients with longstanding visual loss or mental status changes due to OGMs is frequently satisfying because the likelihood is high that improvement will occur and the personality status will return to normal. All patients with mental status changes in this series and in that reported by Turazzi, et al., improved, and all but one patient in our series experienced visual improvement (all patients in the series by Turazzi, et al., had visual improvement) ( Table 4 ). This patient suffered delayed-onset visual function deterioration postoperatively, which was believed to be due to vasospasm of the perforating vessels manipulated during resection. The deficit responded to blood pressure elevation and therapy with calcium channel blockers, and the patient regained her preoperative level of vision (20/30 acuity bilaterally).
With current microsurgical techniques, the complication rates associated with resection of OGMs is very low (Table 5 ). In our series and those reported by Paterniti, et al., 17 Click here to view video clip: Dissection of the meningioma off of the optic nerves, chiasm, and ACA complex. Note the presence of a clear and distinct arachnoidal plane between the tumor and the optic nerves and chiasm and the ACAs. During the resection of OGMs, it may be possible to preserve one or even both of the olfactory nerves (Fig. 3) . In their series of 12 patients with OGMs (size range 2-5.5 cm) Welge-Luessen, et al., 21 reported that it was possible to preserve at least one of the olfactory nerves in two cases. Despite the anatomical preservation, however, there was no evidence of olfactory function on that side in either patient. They concluded that preservation of olfactory function was likely if preoperative function was normal and if the tumor was smaller than 3 cm in diameter.
In a series of 13 patients with OGMs, Tsikoudas and Martin-Hirsch 19 reported on four patients in whom tumors recurred, respectively, at 3, 9, 10, and 11 years postoperatively. All had undergone what was believed to be complete resection at the first surgery. In a detailed analysis of the factors affecting the meningioma recurrence, Mirimanoff, et al., 15 identified OGMs as being associated with a high rate of complete resection (77%) but a rather high rate of recurrence (30 and 41% at 5 and 10 years, respectively). They found that extent of resection and tumor location were important factors in predicting the recurrence. In the case of OGMs, recurrence can be minimized by aggressive resection of the anterior cranial fossa dural floor and drilling of the involved bone. In a recent study of meningiomas completely resected in various locations, investigators found no recurrences in 52 cases followed for 10 years in patients with a MIB-1 labeling index of less than 10, whereas 30 of 31 patients with a labeling index of 10 or greater developed recurrent tumors within 10 years, 71% of these within 5 years. 
CONCLUSIONS
Despite the fact that OGMs may become very large and present with longstanding symptoms and signs, resection provides very satisfying results, both for the patient and surgeon. There is a high rate of improvement in neurological function and a low incidence of complications. 
